Chemical as well as serological evidence points to the presence of a polysaccharide as a common antigen in mycobacteria (1) (2) (3) . Recently, heteropolysaccharide antigens from Mycobacterium kansasii and M. tuberculosis isolated from culture ifitrate, cells, or lipid extracts have been shown to be serologically identical and chemically similar (4) . These studies have now been extended to include strains representative of Battey and scotochromogenic mycobacteria. Polysaccharide I from culture filtrates of these two mycobacterial strains has been prepared and characterized, along with lipopolysaccharide from the scotochromogen strain.
The purpose of this paper is to compare the polysaccharides from three strains representing Runyon's groups I, II, and III, with polysaccharide from M. tuberculosis. The occurrence of the heteropolysaccharide as a common antigen is investigated, and evidence is examined for its role in serological and skin testing.
MATERIALS AND METHODS
Source of organism. M. tuberculosis H37Ra, M. kansasii (Bostrom) , and the M. scrofulaceum ( Methods for isolating and purifying the lipopolysaccharides, cellular polysaccharides, and polysaccharide I from each culture ifitrate have been described (5) . For lipopolysaccharide from Gause mycobacteria, the procedure of Asselineau, Choucroun, and Lederer (6) was used to separate the polysaccharide moiety from lipopolysaccharide after chloroform extraction. About 10 mg of lipopolysaccharide was dissolved in 3 ml of benzene, and 5% KOH in methanol was added. After heating at 80 C for 1 min, a precipitate was collected which was purified by washing in benzene and methanol.
Analytical methods. Biochemical procedures and thin-layer chromatography have been described in a previous paper (4) . The disc electrophoresis system has also been outlined (5) .
Antisera. The procedure for preparation of antisera has been given in an earlier paper (4 can be noted; all are near the theoretical 1.6 ratio of tuberculopolysaccharide I. Thin-layer chromatography ( Table 2 ) also indicates that the same main components, arabinose and galactose, are found in all of the antigens. Some of the preparations were made from small quantities of starting material and may have contained sugars below the threshold of detection. For example, to detect a spot (at 2 ,ug/,liter) from a sugar comprising 1.0% of the total polysaccharide, it would be necessary to concentrate the compound to 200 mg/ml before hydrolysis.
The close relationship between the heteropolysaccharide antigens from each of the mycobacterial strains was confirmed by serological tests. Bands of identity in Ouchterlony tests could be demonstrated by using any one of the four antisera against the homologous and heterologous antigens.
As an example of these reactions, Fig. 1 shows the production of bands of identity between polysaccharides I from M. tuberculosis H37Ra, Battey and Gause mycobacteria, and M. kansasii, against Gause antiserum at 18 hr. Similarly, these antigens gave bands of identity with antiserum from M. kansasii, Battey or Gause mycobacteria. In Fig. 2 , somatic polysaccharides from M. tuberculosis H37Ra, Battey mycobacteria, and M. kansasli are shown reacting with antiserum from M. tuberculosis H37Ra. Similar results were obtained with the four somatic polysaccharides and antiserum from any of the three other strains. In Fig. 3 , the polysaccharide moiety of lipopolysaccharide from the Gause mycobacteria forms a band of identity with polysaccharide split from the lipopolysaccharide of M. tuberculosis H37Ra.
As reported earlier, further evidence for the existence of a common group antigen was given by immune adsorption studies and cross-reactions in Oakley-Fulthorpe tests. In immune adsorption, addition of somatic polysaccharide from the M. kansasii strain prevented reaction of M. tuberculosis H37Ra antiserum with homologous polysaccharide antigens, thus confirming the identity of the antigenic determinants. M. tuberculosis H37Ra and M. kansasii antigens also were shown to give cross-reactions with heterologous antisera in Oakley-Fulthorpe tests.
Since the polysaccharides from the four strains were shown to cross-react in serological tests, investigations were made to determine whether mycobacterial polysaccharides might also be responsible for nonspecific cross-reactions in skin testing. Preliminary evidence indicated that a component in the polysaccharide complex elicited skin reactions in guinea pigs sensitized for several weeks. However, they were not true delayed reactions since they decreased after 24 hr.
In Table 3 Gause. reaction was maximum at 24 hr in the animals sensitized with the other three strains.
Both homologous and heterologous polysaccharide antigens give about the same size skin reaction in guinea pigs sensitized with antigens from M. tuberculosis H37Ra (Table 4) . According to the data in Table 4 , there seems to be a component in the polysaccharide antigens which is responsible for a cross-reacting, delayed hypersensitivity.
However, after the somatic polysaccharide was purified by the differential disc electrophoresis system (5), it was seen that two glycoprotein components found in the upper portion of the acrylamide gel cross-reacted serologically but elicited little skin reaction. Another component located in the lower portion of the gel, thus having a rapid electrophoretic mobility, produced a marked skin reaction, larger in animals sensitized with M. tuberclsis H37Ra than in animals sensitized with the M. kanosasi strain.
It appeared that the serologically active glycoproteins elicited only a small degree of the delayed hypersensitivity. In contrast, a more specific delayed hypersensitivity reaction was elicited by another component from the lowest segment of the acrylamide gel column.
DISCUSSION
The polysaccharide complex has been shown to be present as a common antigen in representative strains from atypical mycobacteria classified by Runyon (7) in groups I, II, and III, as well as in M. tuberculosis H37Ra. The heteropolysaccharide, which can be isolated from cells, lipid extracts, or culture filtrates, is responsible for a strong serological cross-reaction due to its sugar components (5) .
Evidence that the polysaccharide complex is a common antigen in the four mycobacteria is given by the similar chemical composition and by the production of bands of identity in Ouchterlony tests between the polysaccharides of the four mycobacterial strains. The antigens also gave cross-reactions with heterologous antisera in Oakley-Fulthorpe tests and they adsorbed specific precipitins in immune adsorption studies.
Because of its presence as a common antigen, use of the mycobacterial heteropolysaccharide as a diagnostic agent might be limited. However, removal of cross-reacting precipitins might permit development of more specific serological tests.
Although the role of the polysaccharide in immediate anaphylactic reactions is widely recognized, its function in the production of delayed type hypersensitivity is the subject of much discussion. Results were obtained in this study by using guinea pigs artificially sensitized with mycobacterial antigens in Freund's incomplete adjuvant. A combination of Arthus and delayed hypersensitivity skin reactions was elicited, dependent upon the sensitization conditions. The Arthus reaction was most marked in those animals in which the antipolysaccharide antibody might be expected to be greatest, namely, in those groups sensitized with a large amount of polysaccharide. The larger early reaction in guinea pigs sensitized with Gause mycobacteria may be attributed either to earlier skin testing (3 weeks instead of 3 months) or to the adjuvant effect of the heavy lipid coat on the Gause strain.
It would be tempting to attribute nonspecific tuberculin cross-reactions to the polysaccharide complexes on the basis of these studies. However, it must be remembered that it is difficult to separate a true delayed hypersensitivity reaction from the prolonged effects of an immediate or toxic slin reaction. In addition, delayed hypersensitivity is greatly enhanced in animals sensitized with Freund's adjuvant rather than through normal bacterial multiplication.
As discussed earlier (5) 
